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Abstract
Observational data from the Minneapolis-Saint Paul region’s Metro Transit were analyzed
to determine the effects of service levels on ridership levels at different intervals. The
research compares changes in service levels and ridership in several service intervals and
includes elasticities and cross elasticities, or the influence that these service levels have on
different service intervals’ ridership. These cross-elasticities were found to have little effect
during the week; however, weekend ridership was found to be influenced by rush-hour
and overnight frequencies.
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Introduction
Most people in the U.S. do not ride public transportation, specifically local buses. It
has been posited that one factor is due to flexibility: although services for rush hour
may be adequate, there is little flexibility for return trips at non-standard times (Jaffe
2014; Dutch 2015). This study investigated these assertions, with the hypothesis that if
a common reason for not riding transit is a lack of flexibility, an increase in midday and/
or evening services would increase rush-hour ridership. This was done by determining
elasticities of ridership with respect to frequencies of bus routes. Elasticities signify the
percent change in ridership that results from a 1% change in frequency; a cross-elasticity
is the elasticity of a service interval’s ridership with respect to another interval’s
frequency. This research is important because it informs transit providers about how
they can best use their limited resources to garner ridership. The routes examined in
this study were local routes, primarily within the Minneapolis and St. Paul city limits,
with pre-existing midday and evening services. The routes examined and their general
changes in frequency are shown in Figure 1.

Journal of Public Transportation, Vol. 19, No. 3, 2016

117

Cross-Elasticities in Frequencies and Ridership for Urban Local Routes

FIGURE 1. Map of urban-local bus routes and frequency change, Minneapolis
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Literature Review
The studies shown in Table 1 are primarily literature reviews and analysis of existing
studies. The values shown and discussed in this study focus on short-term elasticities,
with year-over-year changes in ridership and service levels. Previous works on the effect
of frequency on ridership have found that frequency has an elasticity between 0.30
and 1.03 (Evans 2004). The lower value is a better representation of urban systems, the
higher value is more related to suburban systems with infrequent service. Furthermore,
on weekends, when there is less-frequent service in metropolitan transit, higher
elasticities are observed than on weekdays (Paulley et al. 2006). As a proxy for the
influence of increasing service levels, service expansion or increasing the hours that a
service is offered also has been studied (Simmons 2014), with findings that expanding
evening service had an elasticity of 0.30 to 0.50 while equivalent increases occur during
the day (Currie and Loader 2009). Studies regarding the frequency of off-peak service
and its effect on ridership during other service periods were not found by the author.
TABLE 1.
Previous Study Results

Study Author

Year(s)

Range

Locations Studied

Evans

2004

0.30–1.03

Currie and Loader

2009

0.17–0.38 weekday 0.80+ weekends

Litman

2015

0.50–0.70

Paulley et al.

2006

0.38

Brown and Neog

2012

0.76–0.91

United States

Koonce et al.

2006

0.30–1.11

Portland, Oregon

Lago et al.

1981

0.30–0.85

North America, London

North America, Europe
Melbourne, Australia,
North America, Western
Europe
Europe

Methods
Data were collected by Metro Transit of Minneapolis-St. Paul, Minnesota, for the fall
quarters of three years (2011, 2012, 2013) and include the number of runs started each
hour and ridership figures for weekday, Saturday, and Sunday service, with weekday
ridership divided into rush-hour ridership and non-rush-hour ridership. Only data
from local and limited-stop routes were used, as these routes were less susceptible to
changes in routing while still providing changes in scheduling. Making the raw data
usable for this analysis required taking the runs started each hour and averaging them
for each service interval to get each service interval’s average runs per hour in each year.
Additionally, the percent change of every service interval’s data needed to be taken for
2011 to 2012 and 2012 to 2013. The equation used for percent change in frequency is:

Where Δ F is the percent change of hourly frequency for the service interval from one
year to the next and Ft is the hourly frequency for the service interval in year t.
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The equation used for percent change in ridership is:

Where Δ R is the percent change of ridership from one year to the next and Rt is the
ridership in year t.
To investigate the hypothesis, elasticities and cross-elasticities were studied. Elasticity is
used when both the dependent and independent variables vary over time and can be
expressed in percent changes. The value of elasticity is the coefficient of percent change
of the independent variable to produce the dependent variable, as seen in the following
equation:
∆R = ∆F * E
Where Δ R is the percent change of ridership, Δ F is the percent change of frequency, and
E is the elasticity.
As this study aimed to determine elasticities not only during the same hours, but also
across hours, both own-elasticities and cross-elasticities were evaluated. An ownelasticity is when the dependent variable of ridership and the independent variable
of frequency are represented in the same time period; a cross-elasticity has variables
representing different time periods. Because elasticities were considered as a coefficient
in a linear relationship, the regression used was a Robust Standard Error Linear
regression, to minimize the effect of outliers.
Table 2 shows the times of each service interval and how ridership data were compiled.
TABLE 2.
Hours of Ridership and
Service Interval Data

Hours

Ridership Data

Service Data

01:00–05:001

Non-Rush Hour

Owl

06:00–09:00

Rush Hour

Rush Hour

09:00–15:00

Non-Rush Hour

Midday

15:00–18:30

Rush Hour

Rush Hour

18:30–01:00

Non-Rush Hour

Evening

Saturday

Saturday

Saturday

Sunday

Sunday

Sunday

2

3

05:00 was not used in any service interval and was
ignored for this analysis.
2
8:00 is split between rush hour and evening service;
therefore, any runs starting between 18:00 and 18:59
were considered half a run in rush hour and half a run in
evening service.
3
Weekend frequencies consist of runs from 08:00-21:00 to
isolate changes in frequency, as opposed to service-hour
expansion.
1
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Results
Whereas 120 route-years are displayed, only 80 elasticity measurements (including
zeroes) were included due to needing two route-years to get one elasticity
measurement. The lack of data points for owl service levels, as seen in Table 3, make it
difficult to make a strong claim about any significance using this service interval. Table
3 shows there are high standard deviations for frequencies, as compared to average
frequencies; this indicates the diversity of local bus routes in the Minneapolis-Saint Paul
metropolitan area. Some routes require many buses per hour, such as Route 5, with a
frequency of 8.75 buses per hour or 7-minute headways during rush hour; some require
a much lower level of service, such as Route 62 with a frequency of 1.08 per hour and
nearly 1-hour headway during rush hour.
TABLE 3.
Descriptive Statistics

Frequency
Time
Frame

Number of
Route-Years
with Any
Service

Number of
Route-Years
with at Least
Hourly Service

Number of
Changes in
Frequency1

Average
Frequency of
Routes with
Service

Standard
Deviation of
Frequency of
Routes with
Service

Rush Hour

120

114

35

3.91

2.10

Midday

111

102

19

3.48

2.02

Evening

99

76

20

1.87

1.00

Owl

78

3

4

0.42

0.31

Saturday

96

82

18

2.94

1.62

Sunday

90

75

21

2.30

1.19

If a route’s frequency changed from one year to the next for the service period shown, then that would
be one change in frequency. Thus, this represents the number of data points actually used for determining
elasticity.
1

As seen in Table 4, the percent change of ridership is very highly-correlated between
Saturday and Sunday ridership, with a lesser correlation in scheduling. As shown,
Saturday and Sunday are similar, but are still different enough that they should be
considered separately, as they are in the analysis. In Table 5, all ridership correlations are
positive, indicating that if ridership increases in one service period, it generally increases
in other periods.
TABLE 4.
Correlation Matrix of Percent
Change in Ridership

Saturday
Saturday
Sunday
Off Peak
Peak
Weekday Total

1

Sunday

Off Peak

Peak

Weekday Total

0.8334

0.0851

0.0478

0.1240

1

0.0998

0.0835

0.1318

1

0.4261

0.5850

1

0.9261
1
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TABLE 5.
Correlation Matrix of Percent
Change in Frequency

Rush Hour

Midday

Evening

Saturday

Sunday

1

0.4725

-0.0111

-0.0344

-0.0233

-0.0557

1

0.0585

-0.0316

0.0066

0.0347

1

0.57694

-0.0835

0.0987

1

0.0485

0.0160

1

0.7339

Rush Hour
Midday
Evening

Owl

Owl
Saturday
Sunday

1

For rush-hour ridership, as shown in Table 6, it can be seen that rush hour is the only
service level that has an elasticity significant at p<0.10. Rush-hour frequency has a
strong positive elasticity with ridership. The found elasticity of 0.39 falls in the normal
range, as shown in the literature review, for short-term elasticity. The influences of the
frequencies of other schedule periods were not seen to be significant in this study. No
service period had an effect significant at p<0.05 on rush hour ridership.
TABLE 6.
Results

Percent Change in Ridership
Non-Rush Hour
Weekday

Rush Hour
Rush Hour
Midday

Percent
Change in
Frequency

Evening
Owl
Saturday
Sunday

Constant

Elasticity

0.385a

Saturday

Sunday

0.003

0.056

0.273c

RSE

0.195

0.132

0.107

0.073

Elasticity

0.349

0.391b

0.169

-0.225

RSE

0.248

0.159

0.132

0.141

Elasticity

0.004

0.070

0.036

0.158

RSE

0.046

0.051

0.054

0.122

Elasticity

-0.081

-0.035

0.075c

0.011

0.077

0.026

0.022

0.025

-0.042

0.026

0.257

0.123a

RSE
Elasticity

c

RSE

0.028

0.026

0.043

0.070

Elasticity

0.013

0.009

0.100c

0.496c

RSE

0.019

0.020

0.032

0.050

Elasticity

b

0.021

-0.023

-0.020

c

-0.027c

RSE

0.008

0.019

0.007

0.009

|p|<0.10
|p|<0.05
c
|p|<0.01
a

b

For non-rush hour weekday ridership, as shown in Table 6, midday frequency has
an elasticity of 0.39, which is significant at p<0.05. Whereas non-rush hour weekday
ridership contains midday, evening, and owl service within its defined times, midday
frequencies had an effect that would put it in line with the own-elasticities found in
previous studies. No other service intervals were seen as being significant at p<0.10 for
non-rush hour weekday ridership. Further research with ridership data for each service
interval would allow for more accurate and useful results for all service intervals.
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As shown in Table 6, weekend and owl service intervals have elasticities significant
at p<0.10 with Saturday ridership, whereas Saturday and owl service are significant
at p<0.01 and Sunday service is significant at p<0.05. This is likely associated with
Saturday ridership comprising riders using both Saturday service and owl service on
Friday night after midnight. The own-elasticity seen for Saturday service of 0.26 is
lower than expected compared to previous studies. The effect of Sunday service on
Saturday ridership is posited as due to the weekend being observed as one entity to
most of the traveling public and possibly the correlation of 0.7339 between Saturday
and Sunday frequencies. The magnitude of the Sunday elasticity is not great, at 0.10.
The low elasticity value of owl frequency, at 0.08, and the small number of changes in
owl frequency, as seen in Table 3, make this result questionable, as there are not enough
data to make a strong claim.
Significant elasticities for Sunday ridership at p<0.10, as shown in Table 6, were seen with
rush hour, Saturday, and Sunday service intervals. Sunday and rush-hour frequencies are
significant at p<0.01. Sunday’s own-elasticity was seen as 0.50, and rush hour’s services
had an elasticity of 0.27 on Sunday ridership. A possible explanation for why rush hour
frequency appears to have a significant effect on Sunday ridership may be due simply
to a growing transit mode share along a route, as people may become less averse to
using transit for weekend travel if they use it for their daily commuting needs. Saturday
frequency had a smaller effect on Sunday ridership, with an elasticity of only 0.12. As
with Saturday ridership, the correlation between Saturday and Sunday changes in
frequency are a possible factor in these elasticities; more data are needed with changes
in these service intervals to know if they are truly affecting one another or simply
changing together.

Conclusion
This research established that the ridership of weekday service depends on the
frequencies of rush hour and midday and refutes the hypothesis that changes
in midday and evening frequencies would have a noticeable effect on rush-hour
ridership. During the week, rush-hour ridership is seen as being affected by changes
of only rush-hour frequency, with an elasticity of 0.39; likewise, non-peak ridership
was seen as affected only by changes in midday frequency, with an elasticity of 0.39.
The weekends are far more interconnected, with service levels during rush hour, owl,
and the entire weekend being significant for the ridership on one or both days of the
weekend. Saturday ridership was affected by changes in Saturday frequency with an
elasticity of 0.26 and Sunday frequency with an elastic of 0.10; owl frequency also was
seen as a contributor in this analysis, but with so few changes in owl frequency, this
cannot be certain. Sunday ridership was affected by changes in Sunday frequencies
with an elasticity of 0.50, Saturday frequencies with an elasticity of 0.12, and rush-hour
frequency with an elasticity of 0.27. It is intuitive that all own-elasticities and crosselasticities would be positive and cross-elasticities would overall be smaller than ownelasticities. Additionally, the hypothesis of this research failed to be corroborated; if the
goal of a transit agency is to provide as many rush-hour trips as possible, this research

Journal of Public Transportation, Vol. 19, No. 3, 2016

123

Cross-Elasticities in Frequencies and Ridership for Urban Local Routes

has established that using driver hours at other times is not shown to have any effect,
whereas using those driver hours during rush hours will increase ridership.
This research should be expanded to include a larger data set, including express and
suburban local routes, and should be replicated in other metropolitan areas. The
additional research also would allow for a better determination of significance, as there
would be more data to solidify significance or non-significance. Express routes, in
particular, should be investigated, as midday and evening service usually is not provided
on these routes; thus, adding these services would allow for investigation of new
services and elasticities at much lower frequencies.
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